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1
RECEIVE CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to receive circuits,
for example, recerve circuits which comprise two decoders
separated by a deinterleave device.

Such circuits are, for example, used to decode digital video
signals that can originate by radio channel from a satellite
(standard DVB-S, DVB-DSNG, DirectTV, etc) or from a
terrestrial base (standard DVB-T, DVB-H, ISDB, ISDB-T,
ATSC, etc) or that can be conveyed by a cable (standard
DVB-C, Docsis, etc).

2. Discussion of the Related Art

FIGS. 1 and 2 are diagrams respectively illustrating the
clements of a transmit circuit providing a coded signal and
those of a recerve circuit used to decode such a coded signal.

The transmit circuit of FIG. 1 successively comprises an
encoder 1, called an outer encoder, an interleave device 2, and
an encoder 3, called an inner encoder. Encoder 1, for example,
operates by means of a code of Reed Solomon, BCH, Ham-
ming, etc. type. Encoder 1 recerves a digital signal S to be
coded and provides a signal 8' to interleave device 2. Encoder
1 generally operates by packets formed of words or multip-
lets, each comprising a given number of bits, 8 1n the case of
bytes. Interleave device 2 mixes together the multiplets of the
different packets of signal S'. Encoder 3 performs a coding,
for example, by means of a convolutional code, of a Turbo
code, of an LDPC code, etc. Code 3 recerves a signal S" from
device 2 and provides a signal S", for example formed of
symbols which are modulated to provide an electromagnetic
signal. For example, a quadrature phase shift keying modu-
lation QPSK 1s used. For example, to provide signals of
DVB-S type, transmit circuits where encoder 1 1s an encoder
of Reed-Solomon type and encoder 3 1s a convolutional-type
encoder are currently used.

In FIG. 2, the recetve circuit recerves an electromagnetic
signal which, after demodulation, turns into a coded signal

s, Signal s™ 1s successively processed by a decoder 10 called
an iner decoder, a deinterleave device 11, and a decoder 12
called an outer decoder. Decoder 10 performs an operation
inverse to that of encoder 3 and provides a signal s" to deinter-
leave device 11. Deinterleave device 11 operates inversely to
interleave device 2 and places the multiplets of each packet
back 1n the order where they were before interleaving.
Decoder 12 recerves a signal s' from device 11 and performs
an operation iverse to that of encoder 1. Decoder 12 provides
a decoded digital signal s. When encoder 3 1s an encoder of
convolutional type, decoder 12 generally implements a Vit-
erbi algorithm.

FIG. 3 1s an example of a digital signal S' provided by
encoder 1. In FIG. 3, each packet comprises 188 data multip-
lets TS, corresponding to multiplets of the digital signal S
received by encoder 1, and 16 redundancy multiplets R intro-
duced by encoder 1. The value of redundancy multiplets R 1s
a Tunction of the value of multiplets TS.

FIG. 4 shows a convolutional encoder 135 that may be used
as an encoder 3. Encoder 15 comprises six D tlip-tlops 20 to
25, the output of flip-tlop 20 being connected to the mput of
tlip-flop 21, and so on. Flip-tflop 20 recerves signal S". The
tlip-flops are controlled by a clock signal Ck so that they store
the value “0” or “1” present on their input on the rising edge
or the falling edge of the clock signal. Encoder 15 further
comprises 8 XOR-type gates 30 to 37. Gate 30 receives signal
S" and the output of tlip-tlop 20. Gate 31 recerves the output
of gate 30 and the output of thip-tlop 21. Gate 32 receives the
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output of gate 31 and the output of thip-flop 22. Gate 33
receives the output of gate 32 and the output of flip-tlop 25.
Gate 34 recerves signal S" and the output of thip-tlop 21. Gate
35 recerves the output of gate 34 and the output of tlip-tlop 22.
Gate 36 recetves the output of gate 35 and the output of
thip-flop 24. Gate 37 receives the output of gate 36 and the
output of thip-tlop 25. Gate 33 outputs a digital signal X and
gate 37 outputs a digital signal Y, the couples of values X and
Y forming the output signal of encoder 15.

The bits of signal S" are successively input into encoder 15
and propagate from flip-tlop to flip-flop at the rate of clock
signal Ck. Signals X and Y are, as for them, formed of a bit
sequence output by encoder 13 at the rate of clock signal CKk.

It should be noted that each bit of signal X or Y 1s a
combination of part of the values of 7 successive bits of signal
S", that 1s, the 6 values stored by flip-tlops 20 to 25 and the
value of the bit positioned at the mput of tlip-tlop 20.

FIG. 5 1s a diagram of a convolutional encoder 38 compris-
ing two bits only.

In FIG. 5, flip-flops 40 and 41 are series-connected, the
output of flip-flop 40 being connected to the input of thp-tlop
41. Flip-tlop 40 receives a data signal d. The flip-flops are
controlled by a clock signal Ck. Encoder 38 further comprises
three XOR gates 42, 43, and 44. Gate 42 recerves signal d and
the output of tlip-tlop 40. Gate 43 recerves the output of gate
42 and the output of tlip-tlop 41. Gate 44 recerves signal d and
the output of thp-flop 41. Gates 43 and 44 provide signals also
noted as X and Y.

FIG. 6 illustrates the possible state switchings of tlip-flops
40 and 41. Each tlip-tlop can storea “1” or a “0”. The possible
combinations of values stored by the pair of tlip-flops 40, 41,
4 1n number, are 00, 01, 10, and 11. Each possible combina-
tion 1s represented by a circle in which the values of the
combination are written. Four circles corresponding to the
couples of possible values of the flip-flops at a time n, n being
an integer, are shown 1n a column to the lett of the drawing.
Similarly, four circles corresponding to the couples of pos-
sible values of the flip-flops at a time n+1 are shown 1n a
column to the right of the drawing. The state of the tlip-tlops
at time n 1s called S . After a clock cycle enabling switching
from state S, to a state S, , |y, flip-tlop 41 stores the value
previously stored by flip-flop 40 and flip-tlop 40 stores the
value of data signal d. A new value of data signal d further
appears at the input of tlip-flop 40.

Calling d_ the value of signal d at time n, the values of
signals X and Y at time n are defined as follows:

d, di_1s din X Y
0 0 0 0 0
1 0 0 1 1
0 0 1 1 1
1 0 1 0 0
0 1 0 1 0
1 0 0 1
0 1 0 1
1 1 1 0

In the case, for example, where tlip-tlops 40 and 41 are at
state “00” at time n, signals X and Y have as values 00 or 11
respectively according to whether data signal d 1s equal to O or
1. At time n+1, flip-tlops 40, 41 are at state 00 or 01 respec-
tively according to whether signals X, Y are equal to 00 or 11
at state n. Two arrows corresponding to these two possibilities
are shown 1n FI1G. 6 between the circle corresponding to state
00 at time n shown to the left and the circles corresponding to
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states 00 and 10 at time n+1 shown to the right. The numbers
indicated above each of the arrows correspond to the values of
signals X, Y at time n.

Similarly, each other circle corresponding to a possible
state S, 1s connected to the two other circles corresponding to
two possible states S, |, by arrows. Above each of the arrows
are written the values of signals X, Y at time n enabling
passing from state S corresponding to the starting circle of
the arrow to state S, , |, corresponding to the arrival circle of
the arrow.

All the possibilities of state switchings of tlip-tlops 40 and
41 on reception of a data signal d comprising a number N of
successive bits may be represented by means of a “lattice”
comprising N+1 columns of four circles. Each column cor-
responds to a state S of flip-flops 40 and 41, the column
corresponding to state S, ., being placed to the right of the
column corresponding to state S, . The leftmost column
shows 1nitial state S, of the tlip-tflops before iserting the first
value of data signal d into tlip-tflop 40. The rightmost column
shows state S, o1 the flip-flops after insertion into tlip-tlop 40
of the last value of data signal d. Each circle of a column 1s
connected to two other circles of the next column by arrows
on which are written the values of signals X, Y enabling
passing from one circle to the other. Further, each circle of a
column 1s connected to two other circles of the preceding
column.

A data signal d may be represented by means of such a
lattice 1n which all the arrows except one arrow corresponding
to that connecting the two states S, and S, , |, observed atter
the input of the n-th and of the (n+1)-th value of signal d in
tlip-flop 40 have been eliminated between each pair of col-
umns corresponding to states S, and S, .

To restore a data signal d provided at the input of encoder
38 of FIG. 5, the decoder must find which were the successive
states of thp-flops 40 and 41 based on the values of received
signals X', Y' which, to within the transmission errors, corre-
spond to the transmitted signals X, Y. Especially, values X", Y
generally do not have well-defined values 0 or 1 (called
“hard” bits) but generally exhibit real values, of analog type
(called soft bits). The method for searching the successive
states of flip-flops 40, 41 comprises, based on a complete
lattice, progressively eliminating arrows to obtain a “single”
path between the lattice columns. For this purpose, the lattice
1s examined from left to right along the reception of signals
X" Y' by eliminating arrows of the lattice as described sche-
matically hereafter, in relation with FIG. 7, which illustrates
the method implemented by a Viterb1 decoder.

Couples pl, p2, p3, and p4 of possible values are first
defined for signals X', Y', with for example p1="00",
p2="01", p3="10", and p4="11" . On reception of a new set
of values of signals X', Y', a number ¢ called “cost” which 1s
all the higher as the received set of values X', Y' 1s different
from the considered couple 1s assigned to each of couples pl
and p4. In a simple example where recerved values X'and Y
are assimilated to bits 0 or 1, 11 the received set of values X',
Y'1s 00, a cost ¢(00) equal to 0 may be assigned to couple pl
equal to 00, couples p2 and p3, which differ by one bit with
respect to the recerved couple, recerving costs ¢(01) and c(10)
equal to 1 and couple p4, the two bits of which are different
from the recerved bits, recerving a cost ¢(11) equal to 2.

FI1G. 7 comprises a series of diagrams 7-1 to 7-5 showing
the progress of the elimination of the lattice arrows along the
reception of signals X', Y.

A cumulated cost 1s assigned to each state shown by a
circle. At the beginning of the decoding, the cumulated costs
are for example all set to zero. After reception of the first set

of values X', Y', a cost or metric 1s determined for each couple
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pl to p4. A cumulated cost equal to the cumulated cost of the
circle of origin of the arrow plus the cost associated with
couple pl to p4 corresponding to this transition 1s then cal-
culated for each of the two arrows arriving on a given circle of
the second column. The arrow corresponding to the highest
cost 1s eliminated, after which the cumulated cost of the
remaining arrow 1s assigned to the circle.

On reception of the second set of values X', Y', a new cost
1s determined for each couple pl to p4. A cumulated cost
equal to the cumulated cost of the original circle of the arrow
in the second column plus the cost associated with the couple
pl to pd corresponding to this transition 1s then calculated as
previously for each of the two arrows arriving on a given
circle of the third column. The arrow corresponding to the
highest cost 1s eliminated, after which the cumulated cost of
the remaining arrow 1s assigned to the circuit of the third
column. Arrows which arrive on a circle from which no arrow
starts back towards the next column can thus be eliminated. In
the example of FIG. 7 (diagram 7-3), the arrow starting from

the third circle of the first column and arriving on the fourth
circle of the second column 1s thus eliminated.

It 1s thus continued for each new received set of values X',
Y'. The cumulated cost of each circle of the last column
appears to be the sum of the costs of each arrow forming the
single path leading to this circle. As visible on diagram 7-5,
aiter a number of received values X', Y', there only remains a
single arrow between the first and second columns and
between the second and third columns. The first three states
Sq, S, and S, of the thip-tlops can then be noted and the first
two values of signal d which 1s desired to be restored can be
deduced therefrom. In the example of FIG. 7, S,=01, S,=10,
and S,=01, the tlip-tlops were thus mitially positioned at 01,
alter which the values of signal d have successively been 1,
then O.

FIG. 8 1s a diagram of a portion of a decoder 48 enabling
implementing the above-described decoding method.
Decoder 48 comprises four blocks bl, b2, b3, and b4 of
identical structures. The -th block, with 1 ranging between 1
and 4, comprises two adders 50, and 51, having their outputs
connected to a comparator 52, and to two mputs of a multi-
plexer 33.. The output of multiplexer 33, 1s connected to a
register or accumulator 54,. Multiplexer 53, 1s controlled by
comparator 52..

Registers 54, to 54, are respectively called R00, R01, R10,
R11. Each register R00 to R11 1s used to store the cumulated
metric associated with each circle of the n-th column after
reception of the n-th set of values X', Y'. Thus, register R0O0 1s

associated with the circle corresponding to state S, =00 and so
On.

Further, costs c(00), c(01), c(10), and c(11) associated with
couples p1 to p4 are provided on lines also called ¢(00), c(01),
c(10), and c(11).

In the case of first block b1, the inputs of adder 50, are
connected to register R00 and to line ¢(00). The mmputs of
adder 51, are connected to register R01 and to line ¢(11). It
should be noted that these connections to adders 50, and 51,
can be deduced from the diagram of FIG. 6. Thus, referring to
FIG. 6, 1t 1s possible to deduce the connections to the adders
ol the other decoder blocks.

The operation of decoder 48 1s the following. When an n-th
set of values X', Y' 1s recerved, the lines of costs ¢(00) to c(11)
are updated. Each j-th block then performs the following
operations. Adders 30, 51, are activated and each provide a
sum value. Comparator 52, then determines which 1s the low-
est sum and controls multiplexer 53, so that the lowest sum 1s
stored 1n register 34,. This comparison and storage operation
corresponds to the elimination of one of the two arrows arriv-
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ing on the circle associated with register 54, and to the calcu-
lation of the cumulated metric associated with this circle.

Further, comparator 32, of each block j 1s connected to a
memory called a “survivor memory” which enables deter-
mimng the most probable path followed by the transitions
between states, for example, by storing the remaining arrows
alter each add/compare/store cycle performed after arrival of
a new set of values X', Y".

The decoder described hereabove 1n relation with FIG. 8
uses a Viterbi algorithm and enables decoding of data coded
by a convolutional encoder with two flip-flops. A Viterbi
decoder corresponding to a convolutional encoder compris-
ing more tlip-flops, such as that of FIG. 4, may easily be
designed according to the above-described principle.

Referring to FIG. 2, decoder 12 analyzes each packet of
multiplets coming from deinterleave device 11 and deter-
mines, based on the redundancy multiplets, whether or not
there are erroneous multiplets 1n the packet. IT the number of
erroneous multiplets 1s not too high, the latter are corrected.
The decoder then eliminates the redundancy multiplets and
transmits a corrected signal s only formed of the data multip-
lets.

The decoding and/or reception circuits described here-
above enable eliminating a number of errors itroduced 1nto
the signals on transmission thereof between the transmit cir-
cuit and the recerve circuit.

However, when the transmission media are significantly
noisy, the number of corrected errors 1s msuilicient. Such 1s
for example the case when the transmissions are performed
by radio channel, especially from a satellite.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a circuit
which enables correcting more errors than prior art circuits.

Another object of the present invention 1s to provide such a
circuit of simple structure.

To achieve these objects, as well as others, the present
invention provides a circuit for decoding a coded signal com-
prising;:

a first decoding system capable of recerving the coded
signal and of providing a first signal comprising portions
considered correct; and

a second decoding system capable of providing a second
signal from the coded signal and from portions considered
correct of the first signal.

According to an embodiment of the present invention, the
first decoding system comprises a first decoder, a first deinter-
leave device coupled to the first decoder, and a second
decoder coupled to the first deinterleave device; the second
decoding system comprises a third decoder, a second deinter-
leave device coupled to the third decoder, and a fourth
decoder coupled to the second deinterleave device.

According to an embodiment of the present imnvention, the
third decoder 1s coupled to a delay device recerving the coded
signal and to the second decoder via an interleave device.

According to an embodiment of the present imnvention, the
signal provided by the interleave device 1s formed of multip-
lets comprising validity bits indicating whether the multiplets
are correct.

According to an embodiment of the present invention, the
first decoder 1s a decoder using a Viterb1 algorithm, and the
second and fourth decoders are error-correction decoders of
Reed-Solomon type.

According to an embodiment of the present invention, the
third decoder comprises a set of registers storing a periodi-
cally-updated metric, and control means capable of forcing
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the content of the registers to a determined value according to
the values of the signal provided by the first decoding system.

According to an embodiment of the present invention, the
control means detect the correct multiplets of the first signal
and control the positioning of the registers for each sequence
of n consecutive bits belonging to correct multiplets.

According to an embodiment of the present invention, the
third decoder comprises an encoder coupled to the interleave
device and a multiplexer which respectively receives on first
and second 1nputs the signal provided by the delay device and
the signal provided by the encoder and provides a signal to a
fifth decoder, the multiplexer being controlled by a control
device acting according to the validity of the signal supplying
the encoder.

The present invention also provides a receive circuit com-
prising first and second receive channels enabling receiving
two distinct coded signals, the first receive channel compris-
ing a first demodulator coupled to a first decoding circuit and
the second recerve channel comprising a second demodulator
coupled to a second decoding circuit, the circuit further com-
prising a multiplexer with two iputs and one output, a delay
device, and a control device, the delay device being coupled
to the first demodulator and the inputs of the multiplexer
being respectively coupled to the second demodulator and to
the delay device, the control device comprising means for
generating a corrected signal from signals provided by the
first decoding circuit and means for controlling the second
decoding circuit, a selection signal controlling the multi-
plexer and the control device, such that, when the selection
signal 1s positioned to let through the signal provided by the
delay device, the association of the decoding circuits of the
first and second channels, of the delay device, and of the
control device forms a decoding circuit such as defined here-
above.

The present invention also provides a receive circuit com-
prising a first demodulator, a second demodulator, the first
and second demodulators being coupled to a recombination
device, and a decoding circuit such as defined hereabove
coupled to the recombination device.

The present invention also provides a method for decoding
a coded signal comprising the steps of:

decoding the coded signal, by implementing a Viterbi algo-
rithm, to provide a first signal formed of a series of multiple
packets;

identifying possible errors present in the first signal, by
means of redundancy multiplets comprised in each packet;

correcting all or part of the erroneous multiplets of the first
signal to form a predecoded corrected signal comprising indi-
cations as to the validity of the multiplets;

providing a delayed coded signal;

decoding the delayed coded signal, by implementing a
modified Viterbi algorithm by the use of the information
obtained from the correct multiplets of the corrected prede-
coded si1gnal, to provide a second predecoded signal; and

identifying and correcting all or part of possible errors
present 1n the second predecoded signal; and

climinating the redundancy multiplets of the second pre-
decoded signal to provide a decoded signal.

The foregoing and other objects, features, and advantages
of the present mvention will be discussed in detail 1n the
following non-limiting description of specific embodiments
in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a circuit for transmitting coded
signals;



US 8,020,080 B2

7

FI1G. 2 1s a diagram of a circuit-for recerving coded signals;

FIG. 3 schematically shows a portion of a digital signal
provided by an encoder of “Reed-Solomon”-type;

FIG. 4 1s a diagram of an example of a convolutional
encoder;

FIG. 5 15 a diagram of a simple example of a convolutional
encoder;

FIG. 6 1s a diagram illustrating the possible state switch-
ings of the flip-flops of the encoder of FIG. §;

FI1G. 7 1s a diagram of a lattice showing the method imple-
mented by a Viterbi decoder;

FIG. 8 1s a diagram of a portion of a Viterbi decoder
corresponding to the encoder of FIG. 5;

FI1G. 9 1s a diagram of an example of a circuit according to
the present invention;

FI1G. 10 1s a diagram 1llustrating a method implemented by
elements of the circuit of FIG. 9;

FIG. 11 1s a diagram of an embodiment of the circuit of
FIG. 9;

FI1G. 121s a diagram 1llustrating the operation of a device of
the circuit of FIG. 11;

FI1G. 13 15 a diagram of another embodiment of the circuit
of FIG. 9;

FIG. 14 1s a diagram 1llustrating a signal provided by a
device of the circuit of FIG. 13;

FIG. 15 1s a diagram of a portion of a decoding device
according to the present invention;

FIG. 16 1s a conventional diagram of a “dual-channel”
receive circuit enabling processing two coded signals;

FIG. 17 1s a diagram according to an embodiment of the
present mvention of a dual-channel receive circuit that can
operate as a “single-channel” receive circuit;

FI1G. 18 1s a diagram according to a second embodiment of
the present invention; and

FIG. 19 1s a diagram according to another embodiment of
the present invention of a dual-channel recetve circuit that can
operate as a “single-channel” receive circuit.

DETAILED DESCRIPTION

For clarity, the same elements or elements partly having the
same functions can be designated hereafter with the same
reference numerals 1n the different drawings.

According to the present invention, a first decoding system
receives a coded signal and provides a first signal, in which a
portion at least has been corrected and 1s considered error-
free. A second decoding system in turn decodes the coded
signal by using all or only part of the portions considered
error-free of the signal provided by the first decoding system.
Thus, the signal provided by the second decoding system
generally exhibits less errors than the signal provided by the
first decoding system.

The structure of a circuit according to the present invention
and the decoding method according to the present invention
will be better understood by reading the examples of embodi-
ment described hereafter.

FIG. 9 1s a diagram of an example of a decoding circuit
according to the present invention. In FIG. 9, 1t 1s assumed
that the signal has been coded by a circuit of the type of that
in FIG. 1, in which the mput signal has been coded by an
external encoder 1 and an internal encoder 3, separated by an
interleave device 2. The external encoder has added redun-
dancy which will enable, on decoding, correcting errors and
indicating the error-free portions of the signal. The internal
encoder has also added redundancy 1n that it provides more
bits than it receives.
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In FIG. 9, the circuit comprises two decoding systems or
chains A and B, each receiving a coded signal X resulting from
the demodulation of a recerved signal. Chain A successively
comprises an inner decoder 100, a deinterleave device 101,
and an outer decoder 102. Decoder 100 decodes signal x and
provides a signal s1". The deinterleave device sets the mul-
tiplets of signal s1" back in the mnitial order and provides a
signal s1'. Decoder 102 corrects errors of signal s1' and pro-
vides a signal s1 comprising exact or assumed-to-be-exact
portions with a known location.

For example, decoder 102 analyzes each packet of multip-
lets of signal s1' and determines, based on redundancy mul-
tiplets, whether there are or are not erroneous multiplets in the
considered packet. Decoder 102 compares the number of
erroneous multiplets in the considered packet with a pre-
defined maximum number of correctable erroneous words
“nmax’’, equal to 8 in the case where each packet has been
coded by a Reed Solomon encoder and comprises, as 1in FIG.
3, 16 redundancy multiplets. If the number of erroneous
words 1s lower than nmax, decoder 102 corrects the erroneous
multiplets. In the opposite case, the erroneous multiplets are
not corrected.

Further, decoder 102 marks the multiplets of each packet
by adding to each multiplet of a packet, be the multiplet a data
multiplet or a redundancy multiplet, a bit called validity bit
indicating whether the packet only comprises error-iree mul-
tiplets (or the errors of which have been corrected) or whether
1t comprises non-correctable multiplets. For example, 1n sig-
nal s1, all the multiplets belonging to a packet comprising no
error have a validity bit equal to “0” and all the multiplets
belonging to a packet comprising errors are assigned a valid-
ity bit equal to 1.

According to a variation of chain A, decoder 102 further
performs an operation of elimination of the redundancy mul-
tiplets. In this case, chain A comprises an optional encoder
103, shown 1n dotted lines 1n FIG. 9. Encoder 103 has the
function of recalculating and replacing redundancy multip-
lets 1n the signal. The redundancy multiplet calculation 1s
performed according to the same method as that used by the
external encoder of the transmit circuit. The validity bits are
not taken 1nto account to calculate the redundancy multiplets
and, after calculation, each redundancy multiplet of a packet
1s assigned a validity bit identical to those assigned to the data
multiplets of the considered packet.

Signal s1 provided by decoder 102 (1t 1s assumed hereafter
that encoder 103 1s not present) 1s provided to an interleave
device 104. Interleave device 104 performs a stirring of the
packet multiplets identical to the stirring performed by the
interleave device of the transmait circuit and provides a signal
s2". It should be noted that the signal s2" provided by device
104 1s a corrected version of predecoded signal s1", errors
having been eliminated by decoder 102 on processing of the
redundancy elements.

FIG. 10 1s a diagram 1llustrating the shape of signals s1', s1,
and s2" of the circuit of FIG. 9. Two packets P1 and P2 of
signal s1' are shown. The hatched portions show erroneous
multiplets. It 1s assumed that packet P1 comprises 4 erroneous
multiplets, that packet P2 comprises 12 erroneous multiplets,
and that the maximum number of correctable multiplets 1s
n__ =8. Only the erroneous multiplets of packet P1 can be
corrected by decoder 102, packet P2 comprising too large a
number of erroneous multiplets. As visible 1n signal s1, the
multiplets of packet P1 are all correct and each multiplet of
this packet comprises a validity bit equal to 0. The erroneous
multiplets of packet P2 are however unchanged and all the
multiplets of packet P2 have a validity bit equal to 1. Each
redundancy multiplet is also marked with a 1 or a O according
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to whether 1t respectively belongs to a packet exhibiting mul-
tiplets marked with 1s or Os. After stirring by interleave
device 104, the multiplets marked with a “1” are generally
scattered among the multiplets marked with a “0” to form
signal s2".

The circuit of FIG. 9 further comprises a decoding system
or chain B. Chain B comprises a delay device 110 noted
“Del”. Device 110 recerves coded signal x and provides a
signal x1 respectively 1dentical to signal x but delayed with
respect to the latter. The delay introduced by device 110
corresponds to the number of clock pulses necessary for chain
A to provide signal s2". Si1gnal x1 1s transmitted to a decoder
111, also called decoding device 111, which further recetves
signal s2" provided by device 104. Decoding device 111 uses
error-iree portions of signal s2" to improve the decoding of
signal x1. Thus, signal s3" provided by decoding device 111
1s a signal exhibiting fewer errors than signal s1" provided by
decoder 100. Signal s3" 1s provided to a deinterleave device
112 of same function as device 101. Device 112 provides a
signal s3' to a decoder 113, of same function as decoder 12 of
FIG. 2. Decoder 113 provides a signal s3 which corresponds
to the decoded signal provided by the circuit of FIG. 9. Due to
the fact that signal s3" provided by device 111 exhibits fewer
errors than signal s1' provided by decoder 100, decoder 113 of
chain B can correct errors which could not be corrected by
decoder 102 of chain A and the circuit of the present invention
cnables correcting more errors than prior art circuits.

Two embodiments of decoding device 111 are described
hereafter, 1n relation with FIG. 11 to 15.

FI1G. 11 shows the circuit of FI1G. 9, where optional encoder
103 1s not shown, with a detailed representation of a first
embodiment of decoding device 111.

In FIG. 11, decoding device 111 comprises an encoder 120
which recerves signal s2" provided by device 104. Encoder
120 provides a signal x2 corresponding to a corrected version
of signal x. For this purpose, encoder 120 first eliminates the
validity bits of signal s2". Encoder 120 codes the resulting,
signal 1n the same way as the internal encoder used on trans-
mission. If need be, the bits of the obtained signal, which are
“hard” bits, of value 0 or 1, are converted to a format compa-
rable to that of the bits of signal x. This will especially occur
when the bits of signal x are “soit” bits. In this case, the bits
of signal x2 will be converted 1nto “soit” bits, for example
setting their sign to + or — according to the selected conven-
tion for the 1s and the Os and their size, which represents the
probability of having this value, to the admissible maximum
for the “soit” bits of signal x.

Decoding device 111 also comprises a control device 121.
Control device 121 recovers the validity bits of signal s2",
either from encoder 120 when encoder 120 eliminates them,
or directly from signal s2" as suggested by dotted line 122.
Control device 121 elaborates, based on the validity bits, a
selection signal Sel used to control a multiplexer 123.

Multiplexer 123 receives signal x1 on a first mput and
signal X2 on a second input. Generally, multiplexer 123 1s
controlled to let through the correct values of signal x2 and to
let through signal x1 1n the other cases, that 1s, when the
values of signal x2 are incorrect or when 1t 1s not known
whether they are correct or incorrect.

FI1G. 12 1llustrates, by means of signals s2", x2, and Sel, the
way 1n which multiplexer 123 operates, in the case where
encoder 120 1s a convolutional encoder with six tlip-tlops.
Although this 1s not shown, signal x2 1s 1n this case formed of
a sequence of two values, resulting from combinations of bits
of signal s2". In the shown example, signal Sel switches to “1”
as soon as the first bit of an erroneous multiplet 1s introduced
into encoder 120 and remains at “1” as long as erroneous
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multiplets are present in encoder 120. Signal Sel switches
back to 0 when the last bit of the last erroneous multiplet
comes out of encoder 120, or 1n other words, until introduc-
tion of the 6-th bit of the next correct multiplet.

Decoding device 111 further comprises a decoding unit
125, also called decoder 125, connected to the output of
multiplexer 123. Decoder 123 1s of same structure as decoder
100. Since decoder 125 recerves a number of bits known with
certainty, 1t necessarily provides a signal exhibiting less
errors than the signal provided by decoder 100 and the signal
at the output of the circuit according to the present invention
exhibits less errors than prior art signals.

A second embodiment of decoding device 111 will now be
described in relation with FIG. 13 to 13.

FIG. 13 shows the circuit of FIG. 9 with a detailed repre-
sentation of a second embodiment of decoding device 111,
particularly well adapted to the case where the encoder inter-
nal to the transmission has been a convolutional encoder. It 1s
assumed 1n the description of F1G. 13 to 15, but not so limited,
that the signal has been coded by means of a circuit such as
that 1n FIG. 1, in which the external encoder 1s a Reed
Solomon-type encoder and the internal encoder 1s a convolu-
tional encoder with 6 tlip-tlops, as in F1G. 4. It1s also assumed
that in FIG. 13, decoder 100 1s a decoder using a Viterbi
algorithm. Input signal x comprises couples of two values
processed 1n parallel, as well as delayed mput signal x1.

In FIG. 13, decoding device 111 comprises a decoding unit
130, also called decoder 130, which recerves signal x1 com-
ing out of delay device 110. Decoding device 111 further
comprises a detection device 131 noted “detect” which
receives signal s2" provided by interleave device 104. Detec-
tion device 131 provides decoder 130 with a positioning
signal “set” and a state signal S . Decoder 130 uses a modified
Viterb1 algorithm according to the present invention and pro-
vides a signal s3" to deinterleave device 112.

Detection device 131 analyzes signal s2" to identily its
correct multiplets. For each correct multiplet, the detection
device intervenes on the operation of decoder 130. Referring
to the modeling of the method implemented by a Viterbi
decoder previously described 1n relation with FIG. 7, detec-
tion device 131 intervenes to accelerate and make more reli-
able the lattice arrow elimination process.

FIG. 14 1s a representation of signal s2" enabling 1llustrat-
ing the operation of detection device 131. Signal s2" corre-
sponds, to within the errors, to signal S" provided to internal
encoder 3 of the associated transmit circuit, using the refer-
ence numerals of FIG. 1. Now, knowing the equivalent of
signal S', 1t 1s possible to determine what the state Sn of the
tlip-flops of the internal encoder of the transmit circuit, here
encoder 15 of FIG. 4, was at a time n corresponding to the
introduction 1nto flip-tflop 20 of the n-th bit of signal S". Call
d, the bit of signal s2" corresponding to the n-th bit of signal
S". During the operation performed by decoder 130 to elimi-
nate the arrows of an 1mtially complete lattice, the knowing of
a state Sn of the convolutional encoder of the transmit circuit
enables 1dentifying in the corresponding column at state Sn
the circle through which the final single path of the lattice
runs. Thus, for each correct multiplet of signal s2", if d_
corresponds to the first bit of the multiplet, the corresponding
states S, <, S, . «, and S__- of the associated convolutional
encoder can be deduced with certainty, based on the bits of
this multiplet. The first six bits of the multiplet provide state
Sias) the bit sequence from the 2nd to the 7th bit provides
state S, ), and the bit sequence trom the 3rd to the 8th bat
provide state S, , ;. A circle through which the final path runs
can, after, be identified for each column corresponding to one
of these states. Thus, for example, 11 the first six bits of the
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considered correct multiplet are 001010, the circle “selected”
from the column corresponding to state S, s, 1s the circle
associated with possible state 001010 of the tlip-tlops of the
encoder of FIG. 4.

FIG. 15 1s a diagram of a circuit 49 corresponding to a
portion of decoder 130 enabling implementing the above-
mentioned process. Circuit 49 comprises 64 blocks bl to b64
comprising the same elements as the blocks of the decoder of
FIG. 8. As for the decoder of FIG. 8, the j-th block, with ;
ranging between 1 and 64, comprises two adders 50, and 51,
connected to a comparator 32, and to two inputs of a multi-
plexer 53.. The output of multiplexer 33, 1s connected to a
register 54,. Multiplexer 53, 1s controlled by comparator 52

Register 34, 1s used to store the metrics associated with the
1-th circle of the n-th column of the lattice corresponding to a
state S . First register 54, 1s called R000000 since 1t 1s asso-
ciated with possible state S, ..000000”°, and so on until register
54 .., which 1s called R111111 since 1t 1s associated with
possible state S 111111,

Further, an estimating device, not shown, calculates, on
arrival of each new couple of signal x1, four cost values c(00),
c(10), c(01), and c(11) for each of the 4 couples of possible
values of the signals, as described previously 1n relation with
FIG. 6 to 8. The values of the four costs c(00), c(01), c(10),
and c(11) are provided on lines also designated as c(00),
c(01), c(10), and c(11) 1n FIG. 15.

In the case of the first block bl, the inputs of adder 50, are
connected to register R000000 and to line c(00). The inputs of
adder 51, are connected to register R000001 and to line c(11).
Generally, the connections to adders 50, and 51, of the j-th
block can be deduced from a diagram of the type of that in
FIG. 6, but made for a convolutional encoder with 6 tlip-tlops
such as that 1n FIG. 4.

To enable detection device 131 to act on registers 54, to
54, of the decoder, each block b, further comprises a logic
AND-type gate 55, comprising six active inputs on a level 0 or
1. A small circle 1s shown 1n front of an 1nput when it 1s active
on a 0 level. The output of such an AND gate 1s equal to 1
when all 1ts inputs are active, and equal to O when at least one
of the inputs 1s not active. The six inputs of each AND gate are
connected to six data lines d,,, d(,_,y, di,_5y, di,,_3ys diiay-
d,,_s)- Data line d, indicates the values, O or 1, ot the n-th
information bit of signal s2". Data line d,,_,, indicates the
value, O or 1, of the (n-1)-th information bit of signal s2", and
so on. It should be noted that data d,, to d,,_s, correspond to
state S, indicated by detection device 131. Further, the AND
gate ol the j-th block 1s connected to a control mput L/H of
register S4,. Further, each register 54, 1s controlled by the set
signal provided by detection device 131.

AND gates 55, to 55, are all different, so that for a state S,
given by device 131, a single AND gate 1s set to 1, that 1s,
provides a 1. AND gate 55, connected to register 34,
“R0O00000” need to be set to 1 when the state S, presented on
lines d, to d,_s,1s 000000. For this purpose, all the mputs of
AND gate 55, are active on a low level 0. Generally, AND
gate 55, connected to register 54, “RxX XXX, XsXs ", Where X,
to X, are bit values, need to be set to 1 when the state S,
presented on lines d,, to d,,_s, 1s equal to X, X,X3X,XsX,. Thus,
the first input of AND gate 55, connected to line d,, 1s active at
0 or at 1 respectively according to whether x, 1s equal to 0 or
1. Similarly, the second input of AND gate 35, connected to
line d,_,, 1s active at O or 1 respectively accordingly to
whether x, 1s equal to 0 or 1, and so on for each of the inputs
of AND gate 35,.

Via the set signal and state signal Sn, detection device 131
can act on registers 54, to 54 ., so that they store a low or high
metrics value. A possible operating mode of detection device
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131 1s the following. Detection device 131 continuously
stores the last six recetved bits of signal s2". For each new bit
of signal s2", device 131 updates the value of the state signal
S,, provided to decoder 130 to update data lines d,, to d,,,_s,.
The set signal 1s by default inactive, for example, at level “07”,
registers 54, to 54, then storing the values provided by mul-
tiplexers 53, to 533,,. When device 131 detects a correct mul-
tiplet, having a validity bit at “0”, 1t waits to have received the
s1xth bits of the multiplet to active the set signal. Register 54
stored a value corresponding to the metrics associated with
the current state S, 1s then assigned a low value, for example,
equal to 0. The other registers are assigned a high value, for
example, equal to the maximum value that can be stored by a
register 54. Generally, the value assigned to a register 54 1s
low or high according to whether the logic level at the output
of the associated AND gate 55, respectively 1s 1 or 0. On
reception of the 7-th and 8-th bits of the multiplet, device 131
maintains signal set active at 1. State signal S 1s updated after
reception of each of these bits and each register 54 1s posi-
tioned at a low or high value according to whether the metrics
value associated with the considered register corresponds or
not to the new states S,. Once the state S, obtained after
reception of the last bit of the multiplet has been taken 1nto
account by registers 54 of decoder 130, detection device 131
deactivates signal set. The operations described hereabove
are repeated for each correct multiplet recetved by detection
device 131. Of course, 1n the case where several correct
multiplets follow one another, 1t 1s not necessary to provide
for signal set to be deactivated between two correct multip-
lets.

Referring to the modeling 1n the form of a lattice of the
process implemented by decoder 130, in the previously-de-
scribed operating mode of detection device 131, the circles
through which the final path runs are accurately determined
for a number of columns, for example, a little less than 3
columns out of 8. This accurate determination enables sim-
plifying and making reliable the arrow elimination process.
Accordingly, the signal provided by decoder 130 comprises
tewer errors than the signal provided by decoder 100 of chain
A of the circuait.

As aresult, as previously, decoder 113 will enable correct-
ing more errors than decoder 102 and the signal provided by
the circuit of the present invention will exhibit fewer errors
than the signals decoded according to prior art.

Generalizations of the circuits and methods according to
the present invention are within the abilities of those skilled in
the art. For example, a decoding circuit according to the
present mvention may comprise a number M of decoding
chains greater than two, the error-free portion(s) of the signal
of the j-th chain being used on decoding of chain 1+1.

The above-described circuit examples are non limiting and
may be modified by those skilled in the art without departing
from the context of the present invention. For example,
decoder 130 may use other means than those described (set-
ting to a minmimum the metrics associated with the certain
state, setting to a maximum the metrics associated with the
other states) 1t take 1nto account the certain states of signal
52",

Further, the two decoding chains A and B of the present
invention may be formed based on existing devices normally
provided for other purposes.

A conventional “dual-channel” receive circuit such as
illustrated 1 FIG. 16 may for example be provided. The
circuit of FIG. 16 comprises two channels enabling process-
ing two different coded signals, each received on an mnput al
or a2. To reach mputs al and a2, although this has not been
shown, each channel generally comprises an antenna and a
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reception device or tuner. Each channel further comprises a
demodulator 151, respectively 152, and a decoding circuit
161, respectively 162, for example, 1dentical to the circuits of
FIG. 2. Two decoded signals are provided on outputs cl, c2.
This type of circuits for example exists 1n television sets
enabling viewing a television channel, while another chain 1s
recorded by a recorder.

FIG. 17 1llustrates a first example showing how the con-
ventional circuit of FIG. 16 can be converted 1nto a “single-
channel” reception signal according to the present invention.
The circuit of FIG. 17 comprises a first channel comprising a
demodulator 201 coupled to a decoding circuit 211, and a
second channel comprising a demodulator 202 coupled to a
decoding circuit 212. The reception circuit further comprises
a multiplexer 220 arranged between demodulator 202 and
decoder 212, the output of demodulator 202 being connected
to one of the two 1nputs of multiplexer 220. A delay device
221 1s placed between the output of demodulator 201 and the
second mput of multiplexer 220. A control device 222
receives signals provided by decoder 211 and can control
decoder 212. A selection signal Sel controls multiplexer 220,
control device 222, and decoding circuit 212.

Control device 222 comprises means for generating a sig-
nal corresponding to a corrected version of the signal pro-
vided by decoding circuit 211. Control device 222 further
comprises means for controlling decoder 212. Decoding cir-
cuits 211, 212 must further be “adapted™, that 1s, exhibit a
structure partially different from that of decoding circuits
161, 162 of the circuit of FIG. 16, so that control device 222
can control or access elements of these circuits.

The circuit of FIG. 17 can operate according to two ditfer-
ent modes. When the circuit of FIG. 17 operates as a dual-
channel reception circuit, selection signal Sel 1s set, for
example to 0, so that decoding circuit 212 receives the coded
signal provided by demodulator 202. Control device 222 1s
then nactive. Decoding circuit 212 then conventionally pro-
cesses the signal received by demodulator 202 and output
signals ¢1 and ¢2 correspond to 1mput signals al and a2.

When the circuit of FIG. 17 operates as a single-channel
receive circuit according to the present invention, selection
signal Sel 1s set to “1”” so that decoding circuit 212 receives
delayed signal al provided by delay device 221. Control
device 222 1s then activated. Decoder 212 then processes all
or part of delayed signal al according to the control signals
provided by control device 222. Control device 222 will for
example be formed from the previously-described examples
of decoding circuits according to the present invention.
Decoding circuit 211 and the means for generating the cor-
rected signal of control device 222 then form the equivalent of
a decoding chain A of a circuit according to the present
invention. Delay device 221 and the control means of control
device 222 form the equivalent of a decoding chain B of a
circuit according to the present invention.

A possible use of the circuit of FIG. 17 may be the follow-
ing. In case of a reception of two distinct channels, al and a2,
for example 1n case of the recording of a program while
another program 1s being viewed, the circuit of FIG. 17 1s
used 1n dual-channel reception. When only one channel needs
to be recerved, the circuit of FIG. 17 1s used 1n single-channel
reception according to the present mvention and exhibits a

signal of better quality. Signal Sel may be actuated manually
or automatically, for example, 1f a program 1s viewed while
another one 1s recorded, 1t may be provided to automatically
pass to single-channel reception at the end of the recording.
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FIG. 18 illustrates a second example showing how the
conventional circuit of FIG. 16 may be converted into a
“single-channel” receive circuit according to the present
invention.

In FIG. 18, input al 1s coupled to a demodulator 301 which
demodulates the signal received by the first channel. Input a2
1s coupled to a demodulator 302 which demodulates the sig-
nal recerved by the second channel. The outputs of demodu-
lators 301 and 302 are coupled to a recombination device 310
which provides a signal b. In the example of FIG. 18, the two
channels are not necessarily tuned to the same recerve fre-
quency but each provide a signal corresponding to the same
transmitted information. Recombination device 310 selects
the best portions of the signals provided by demodulators
301, 302 to form signal b. For example, 1n mobile reception,
two antennas placed at two distinct locations of a vehicle
generally provide signals exhibiting different signal-to-noise
ratios and signal b will be formed of the best signal. Also, in
COFDM modulation, certain sub-carrier frequencies will be
better recerved by a channel and signal b will be a mixture of
the two channels with the least no1sy sub-carriers.

Signal b 1s then provided to a decoder 320 and, via a delay
clement 321, to a decoder 322. Decoder 320 corresponds to
prior art decoder 161. Decoder 322, as for itself, has been
modified to be able to use, according to the present invention,
all or part of the correct information of the signal provided by
decoder 320. Signal ¢, provided by decoder 322, thus exhibits
less errors than the prior art signal.

The example of FIG. 18 1s particularly advantageous in that
the two demodulators and the two decoders of the conven-
tional circuit of FIG. 16 are all used to improve the signal
quality.

FIG. 19 1llustrates another example showing how the con-
ventional circuit of FIG. 16 can be converted nto a “single-
channel” reception signal according to the present invention.
The circuit of FIG. 19 comprises a first channel comprising a
demodulator 401 coupled to a decoding circuit 411, and a
second channel comprising a demodulator 402 coupled to a
decoding circuit 412. The reception circuit further comprises
a multiplexer 420 arranged upstream of demodulator 402, the
output of the multiplexer 420 being connected to the input of
demodulator 402. A first input of multiplexer 420 receives the
input signal a2 of the second canal. A delay device 421 1s
placed between the input of demodulator 401 and the second
input of multiplexer 420. A control device 422 recerves sig-
nals provided by decoder 411 and can control demodulator
402 and decoder 412. A selection signal Sel controls multi-
plexer 420, control device 422, demodulator 402 and decod-
ing circuit 412.

Control device 422 comprises means for generating a sig-
nal corresponding to a corrected version of the signal pro-
vided by decoding circuit 411. Control device 422 further
comprises means for controlling demodulator 402 and
decoder 412. Demodulation circuit 402 and decoding circuits
411, 412 must turther be “adapted™, that 1s, exhibit a structure
partially different from that of demodulation circuit 152 and
decoding circuits 161, 162 of the circuit of FIG. 16, so that
control device 422 can control or access elements of these
circuits.

The circuit of FIG. 19 can operate according to two differ-
ent modes. When the circuit of FIG. 19 operates as a dual-
channel reception circuit, selection signal Sel 1s set, for
example to 0, so that demodulation circuit 402 recerves mput
signal a2. Control device 422 1s then mactive. Demodulation
circuit 402 and decoding circuit 412 then operate convention-
ally and output signals ¢1 and ¢2 correspond to input signals

al and a2.
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When the circuit of FIG. 19 operates as a single-channel
receive circuit according to the present invention, selection
signal Sel 1s set to “1” so that demodulation circuit 402
receives delayed signal al provided by delay device 421.
Control device 422 1s then activated. Demodulator 402 and
decoder 412 then processes all or part of delayed signal al
according to the control signals provided by control device
422. Control device 422 will for example be formed from the
previously-described examples of decoding circuits accord-
ing to the present invention. More precisely, for the control of
demodulator 402, control device 422 comprises a corre-
sponding modulation circuit. Decoding circuit 411 and the
means for generating the corrected signal of control device
422 then form the equivalent of a decoding chain A of a circuit
according to the present invention. Delay device 421 and the
control means of control device 422 form the equivalent of a
demodulation and decoding chain B of a circuit according to
the present mnvention. Since demodulator 402 recerves modu-
lated signal portions for which the obtained bits are known
with certainty, it necessarily provides a signal exhibiting less
errors than the signal provided by demodulator 401 and the
signal at the output of the circuit according to the present
invention exhibits less errors than prior art signals.

A possible use of the circuit of FIG. 19 may be the follow-
ing. In case of a reception of two distinct channels, al and a2,
for example 1n case of the recording of a program while
another program 1s being viewed, the circuit of FIG. 19 1s
used 1n dual-channel reception. When only one channel needs
to be recerved, the circuit of FIG. 19 1s used 1n single-channel
reception according to the present invention and exhibits a
signal of better quality. Signal Sel may be actuated manually
or automatically, for example, 1f a program 1s viewed while
another one 1s recorded, 1t may be provided to automatically
pass to single-channel reception at the end of the recording.
Of course, the present invention 1s not limited to the above-
described circuits and those skilled in the art will bring any
usetiul modification without departing from the context of the
present mvention. For example, although this has not been
described, the circuit of FIG. 18 may be adapted to also enable
the “dual-channel” reception of FIG. 16.

It should further be noted that the applications of the
present invention are many and various. A typical example of
use 1s mobile telephony, where the signal 1s generally very
noisy.

Of course, the present mvention 1s likely to have various
alterations, modifications, and improvements which will
readily occur to those skilled in the art. Such alterations,
modifications, and improvements are mtended to be part of
this disclosure, and are intended to be within the spirit and the
scope of the present mvention. Accordingly, the foregoing
description 1s by way of example only and 1s not intended to
be limiting. The present invention 1s limited only as defined in
the following claims and the equivalents thereto.

What 1s claimed 1s:

1. A recerve apparatus comprising;

first and second receive channels configured to receive first

and second distinct modulated and coded signals, the
first recerve channel comprising a first demodulator
capable of receiving the first modulated and coded signal
and of providing a first coded signal to a first decoding
system and the second receive channel comprising a
second demodulator coupled to a second decoding sys-
tem, the first decoding system being capable ol recerving
the first coded signal and of providing a first decoded
signal comprising portions considered correct;

a delay device having an input connected to the input or the

output of the first demodulator;
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a multiplexer with two mputs and one output, a first input of
the multiplexer being coupled to the delay device and a
second mput of the multiplexer coupled to the output of
the second demodulator or configured to receive a sec-
ond modulated and coded signal, the output of the mul-
tiplexer being coupled to the mput of the second
demodulator or the input of the second decoding system;

a control device comprising means for generating a cor-
rected signal from signals provided by the first decoding
system and means for controlling the second decoding,
system and/or the second demodulator; and

a circuit capable of providing a selection signal controlling
the multiplexer and the control device, wherein, when
the selection signal 1s positioned to let through the signal
provided by the delay device, the second decoding sys-
tem and/or the second demodulator are capable of pro-
viding a second decoded signal from the first coded
signal or the first modulated and coded signal and from
the portions considered correct of the first decoded sig-
nal.

2. Therecerve apparatus of claim 1, wherein the first decod-
ing system comprises a first decoder, a first deinterleave
device coupled to the first decoder, and a second decoder
coupled to the first demnterleave device, and wherein the sec-
ond receive system comprises a third decoder, a second
deinterleave device coupled to the third decoder, and a fourth
decoder coupled to the second deinterleave device.

3. The receitve apparatus of claim 2, wherein the third
decoder 1s coupled to the delay device configured to recerve
the first coded signal and to the second decoder via an inter-
leave device.

4. The receive apparatus of claim 3, wherein the signal
provided by the interleave device 1s formed of multiplets
comprising validity bits indicating whether the multiplets are
correct.

5. The receive apparatus of claim 2, wherein the first
decoder 1s a decoder configured to use a Viterb1 algorithm,
and wherein the second and fourth decoders are error-correc-
tion decoders of Reed-Solomon type.

6. The recetve apparatus of claim 2, wherein the third
decoder comprises a set of registers configured to store a
periodically-updated metric, and control means capable of
forcing the content of the registers to a determined value
according to the values of the first decoded signal provided by
the first decoding system.

7. The recetve apparatus of claim 6, wherein the control
means 15 configured to detect the correct multiplets of the first
decoded signal and to control the positioning of the registers
for each sequence of n consecutive bits belonging to correct
multiplets.

8. The receive apparatus of claim 3, wherein the third
decoder comprises an encoder coupled to the interleave
device and a multiplexer configured to receive respectively on
first and second 1nputs the first demodulated signal provided
by the delay device and a coded signal provided by the
encoder and further configured to provide a signal to a fifth
decoder, the multiplexer configured to be controlled by a
control device responsive to the validity of the signal supply-
ing the encoder.

9. A method of recerving coded signals, the method com-
prising: recerving, on a first receive channel of a receive
apparatus, a first coded signal;

first decoding, on the first receive channel, the first coded
signal to provide a first decoded signal;

selectably receiving, on a second receive channel of the
receive apparatus, a second coded signal distinct from
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the first coded signal or a first channel signal that1s based
upon the first decoded signal from the first receive chan-
nel; and

second decoding, 1n the second recerve channel, the first

channel signal responsive to selectably receiving the
first channel signal;

identifying first portions of the first decoded signal as cor-

rectly decoded; 1dentifying second portions of the first
decoded signal as incorrectly decoded; configuring, by a
control circuit, the second receive channel to receive the
first channel signal responsive to detection of at least one
correctly decoded first portion of the first decoded sig-
nal; and

coniiguring, by a control circuit, the second receive chan-

nel to recerve a delayed first coded signal responsive to
detection of at least one incorrectly decoded second
portion of the first decoded signal; and

wherein the control circuit comprises a multiplexor for the

acts of configuring.

10. The method of claim 9, wherein the act of second
decoding provides a version of the first decoded signal of
better signal quality than the first decoded signal.

11. The method of claim 9, wherein the act of first decoding
comprises using a Viterbi algorithm and Reed-Solomon error
correction.

12. The method of claim 9, wherein the act of second

decoding comprises using a modified Viterbi algorithm and
Reed-Solomon error correction.

13. The method of claim 9, wherein the act of first decoding
comprises de-interleaving a signal in the first recerve channel
and the act of second decoding comprises de-interleaving a
signal 1n the second receive channel.

14. The method of claim 9, further comprising interleaving
the first decoded signal and providing the interleaved first
decoded signal to the second receive channel for the act of
second decoding.

15. The method of claim 9, wherein the act of selectably
receiving comprises manual selection and/or an automatic
selection.

16. A recerver comprising: a first recerve channel config-
ured to receive a first coded signal; a second receive channel
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selectably configurable to receive a second coded signal dis-
tinct from the first coded signal or a first channel signal that 1s
based upon a first decoded signal from the first recerve chan-
nel; and
means for decoding, 1n the second recerve channel, the first
channel signal responsive to selectably receiving the
first channel signal, wherein the means for decoding
comprises: at least one multiplexer; a control circuit
coupled to the at least one multiplexer; a first decoder
coupled to an output of the at least one multiplexer; and
a second decoder coupled to the first decoder; and

wherein the first channel signal includes validity bits 1den-
tifying first portions of the first decoded signal as cor-
rectly decoded and second portions of the first decoded
signal as incorrectly decoded, and the control circuit 1s
adapted to configure the at least one multiplexer to admit
or not admit portions of the first channel signal based
upon values of the validity bits.

17. The recerver of claim 16, wherein the means for decod-
ing includes providing a version of the first decoded signal of
better signal quality than the first decoded signal.

18. The receiver of claim 16, wherein the second receive
channel 1s selectably configurable manually and/or automati-
cally.

19. The recerver of claim 16, wherein the at least one
multiplexer comprises a first multiplexer having a first input
coupled to an output of the first receive channel, a second
input configured to receive a delayed version of the first coded
signal, and an output coupled to the second recerve channel.

20. The receiver of claim 19, wherein the at least one
multiplexer further comprises a second multiplexer having an
input configured to receive the second coded signal and hav-
ing an output coupled to the second receive channel.

21. The recerver of claim 16, further comprising an inter-
leaver coupled between an output of the first receive channel
and an mput of the first decoder.

22. The recerver of claim 16, wherein first decoder 1s con-
figured to implement a modified Viterbi algorithm and the
second decoder 1s configured to implement Reed-Solomon
error correction.
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